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INTRODUOTIOll 

Th1a Report ia intended to sot forth the results of 

an 1nvostigat1on of the probable output of hydro-eleotrio power 
whioh may be developed at a hyc!ro.-eleotrio plant to be lo oa ted 

on the Santa Ysabel· O~eek at Pamo reservoir site in ·the Southwest 

~uarter ( swt) of Section 13, Tt?wnship 12 south, Range l East, 

San Bernardino Meridian. 

The power plant and oolleoting and transmdasion wozks 
are planned to utilize to the fUllaat extent the available head 
and stream flow in the Santa Ysabel river below tlle Sutherland 

dam aite, the Blaok Canyon Creek below Mesa Grande, and the San 

Luis Ray River below the warner Dam Site. The total statio h~ad , 
') 

below Yiarners exceeds 1, 600 foet. !rhe total statio head below · 

Sutherland and Blaolc Canyon exceeds 880 feet. 

The flow .of the San Luis Rey an.d Santa Ysabel rivers· 

2 

is. regulated by storage in t he Werner and Sutherland Reservoirs 

reapeotively and the safe net yield of t hese two streams is tax~n 
from the Report of the Doard of Engineers, dated February 24, 1917. 

Blaok Canyon offers no storage possibilitiea, eo it is proposed 

to divert Blaok canyon, when available, in preference to warner 

and Sutherland supply, whioh DBY be h6ld over by storage until . 
the flow of Blaok Oanyon falls below the required amount. The 

. 
Warner water is to be used before drawing upon sutherland in 

order to reduoe the loss by evaporation from warner Reservoir, 
whioh oovera oonsiderable area. 

Below the power plant it is proposed to oatoh and store 
. 

of the used water 1n Pamo reservoir up to 1 ts maximum oapao1 ty. 



• 

The water may be distributed from Pamo for irrigation or other uea. 
It is aaBlUiled in this report that the d~mand for power ia 

uni£orm throughout the year, but the storage faailitiea at V~rner 
and sutherland make it possible to. oare for a variation ~ the power 

dem.<tnd during the year, and storage at Pamo will care, for variations 
. 

i n demand for irrigation or domestic supply. 
The data upon whioh this report is based was obtained 

from the ~aport of the :Board of Engineers referred to above·, and 

Hydrographic records and surveys of the Voloan Land and \Yater 

Company. 

The report is arranged es follows: 

1. Description of ?roposed System. 

2. Elevation and Heads. 

3. water SUpply. 

4. Power Output and capacity. 

5. Conclusions. 

• • 

Plate 1 Shows the aoheme for utilizing the v~ter from 
the three streams, San Luis Rey, Blaok Canyon and Santa Ysabel • 

• 

4 . 

The San Luis Ray water is oolleoted in the warner Reser-

voir and discharged through a tunnel to Blnok Canyon where it is . . . 

carried in a pipe and discharged through a penstock to the Power 

House at Pamo. The santa Ysabel watar is oolleoted in the Suther-

land Reservoir and ca~ried by a pipe line and discharged through a 
penstock to the Pamo Power House. 

There are two schemes for using Blaak Canyon water. 
No. l. All :Black Canyon water is cuverted just above the crossing 

of the Sutherland pipe line and put into the Sutherland pipe. . 
No. 2. Part of the Black Canyon water is diverted just above the 

outlet of the Warner-:Blaok Canyon tunnel and put into the warne-

Black Canyon pipe line. The remainder of the Black Canyon water is 

put into the Sutherland pipe line as in No. l. 

The Power House is looated on the right bank of the Santa 
Ysabel R1 ver just above the high water line of the Pamo Reservoir 

and discharges into Pamo. T"'11e Power Plant should be able to uee 

water from either penatook alone or both together. 

... . . • 

· . 
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EtEVATIOB AND HEADS 

This data baa been determined by field surveys by tho 
Voloan Land and Water Company. 

Elevation Outlet Warner Reservoir ------------------ 2,648 
• • 

Elevation Outlet warner-Blaok Canyon Tunnel --------- 2,639 
Elevation Top of warne~-?amo PenstoCk --------------- · 2,615 
Elevation of nozzle at Pamo Power House ------------- 1,046 . .. ., . 

Total Statio Head ------------------------------ 1,603 
Friction Loss -~-------------------------------- 45 . . 
Effective Head --------------------------------- 1;558 

Elevation Outlet Sutherland Reservoir 
________ .. _____ _ 

. 

Elevation Top of sutherland-Pamo PenstoCk -----------
. 

Elevation llozzl9 at Pamo Power House -•--------------
Total statio Head --------------~---------------
Friction Loss • 

----~-~-------~~--~-~---------~---

Effective Head -------------~-------------------

Elevetion Upper Black canyon intake -~~------~-----~-. 
• • 

Elevation Eower Black Canyon intake -----------------
Elevation High water Line Pamo Reservoir ------~-------

1,930 

1,905 

1,045 

885 

29 

856 

2,710 

2,040 

1,016 

• 

• 

/ 

,. 
/ 

. . 

6 
• 

WATER SUPPLY 

The safe net yield of the warner and Sutherland reservoirs 
has been determined by the Board of Engineers in their report dated 
February 24, 1917, and their figures havtt ~~ been used in this report, 

• 
nemely 34 second feet from Warner and 16.5 second feet from Suther-

• f ... • , .. 
land. .. 

The Volcan Land and Water Company has records of the flow r 

at the gaging station at the mouth of Black Canyon for 5 years l ast 
. past. There is alao record of the santa Ysabel River at Sutherland 

, . ·auring the same period. The nature and proximity of the two water- · . I 
sheds and inspection of simultaneous measurements indicates that I 

Black Canyon and t~e Santa Ysabel River have the same characterist~os 

and regimen, and it is therefore feasible to compute the probable 
'runoff of Black Canyon for years of which there is no record b~ 

.. 
oomparieon with the aoaepted values for Sutherland. In order to do . 
this a runoff ralation ourve has been made. (Plate 3) 

The p:r.obable rtmoff of Blaok Canyon was then computed from 
the aurve by using the values of Sutherland runoff as determined in 

. 
the Board of Engineers Report. This is shown in Table 1. 

Sinoe the Blaok Canyon water is to be diverted at two 
different points on the stream it is neoessary to distribute the 
total runoff over the oatohmant area as controlled by the pointe . of 
diversion. This statement is nnde clear by an inspection of Plates 
1 and 2. Ieohyetoae studies ·show a uniform voriation in rainfall 
from Area A to Area c, precipitation being greatest at the north 
end of the drainage area. Tho topography of Areas B and C is noarly 
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Table No. l 

SEASONAL RUHOFF OF BLACK . CANYOU AT GAGING STATIOU. COl~UTED FROU PLATE 3 AUD SEaSONAL RUUOF:h, AT SU'l'ltl~HLAUD • Quantities in Aore Feet. 
==~=======u=======~=========~ccacccaaccaagaa:caacaaaaaaa : sutherland runeff : Blaok Canyon runofi : from Board of : : s eason : · En~ineera Re ort :l~eaaured : Com uted 

• • 
1888-89 
1889-90 

1890-91 
1891-92 
1892-93 
1893-94 
1894-'35 

1895-96 
1896-97 
1897-98 
1898-99 
1899-1900 

1900-01 
1901-02 
1902-03 
1903-04 
1904-05 

1905-06 
1906-07 
1907-08 
1908-09 
1909-10 

1910-11 
1911-1.2 
1912-13 
1913-14 
191.4-15 

1915-16 
1916-17 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

13,000 
24,500 

27,500 
10,100 
15,000 s,ooo 
52,400 

5,000 
11,700 s,ooo 

2, 500 
2,000 

7,200 
5 , 600 
8,900 
4,300 

14,000 

36,000 
20,600 
6,900 

27,800 
19,400 

~0.700 
·7,000 
4,370 
~0,450 
31,130 

951040 
13,31.4 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

·820 
2;359 
6,926 

: 14,458 
: 3,137 
• • 

• • 

• • 
• • 
• ,• 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

3,000 
5,600 

6,200 
2,300 
3 ,700 
1,800 
9,960 

1 ,050 
2,700 

550 
400 
300 

1,600 
1;200 
2,000 

900 
3,250 

7,700 
4,760 
1,500 
6;300 
4,500 

2;450 
1,650 

• • 
------ ----- - --==-===:~=============a ========•;========c=------ -------- -

-

. 
• 

. . 

. ~ 

• 
• 

• • 
• 

Table llo . 2. 

DISTRillUTIOil OF BT.JiOK CANYON RUHOFF (See Plate 2) 

Quantities in Aore Feet 
•=••••aaacac=aac==aac•naa••••••aaaaaanaaaaa====•===•=•===•===• : :Area 0 : Area B : Area A : Area A & B Season :Total runoff: '6 .I% : :27.0% : 67. 61~ : 
1888-89 
1889-90 

1890-91 
1891-92 
1892-93 
1893-94 
1894-95 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

1895-96 
1896-97 
1897-98 
1898-99 
1899-1900 : 

• .. 
• • 

• • 
• • 

1900-01 
1901-02 
1902-03 
1903-04 
1901-06 

1905-06 
1906-07 
1907 -08 
1908-09 
1909-10 

1910-11 
1911-12 
1912-13 
1913-14 
1914-15 

1915-16 
1916-17 

Total 

Mean 

Seo.ft • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

3,000 
5,600 

6,200 
2,300 
3t70C 
1,800 
9,960 

1,050 
2,700 

550 
400 
300 

1,600 
1,200 
2,000 

900 
3,250 

7,700 
4 ,750 

1500 
6,300 
4,500 

2,450 
1,550 

820 
2,359 
6,926 

14,458 
3,137 

102,960 

3,550 

4.90 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • • • • • 160 : 810 : 2,030 : 
300 : 1,610 : 3,690 : 

• • 
330 : 
120 : 
200 : 
100 : 
540 : 

• • 
60 : 

150 : 
30 : 
20 : 
15 : 

• • 
90 : 
65 : 

110 : 
50 : 

180 : 
• • 

420 : 
260 : 
80 : 

340 : 
240 : 

• • 
130 : 

80 : 
45 : 

129 : 
376 : 

• • 

• • 
1,67Q : 

. 620 : 
1,000 : 

·490 : 
2,680 : 

• • 
280 : 
730 : 
150 : 
110 : 

80 : 
• • 

430 : 
325 : 
540 : 
240 : 
880 : 

• • 

• • 
4;200 : 
1;560 : 
2;500 : 
1, 210 : 
6,740 : 

• • 
. 710 : 

1,820 : 
370 : 
270 : 
205 : 

• • 
1,080 : 

810 : 
1,350 : 

610 : 
2,190 : 

• • 2,080 : 5,200 : 
1,280 : 3,210 : 

400 : 1,020 : 
1,700 : 4,260 : 
~,210 : 3,050 : 

• • 
660 : 
420 : 
220 : 
640 : 

1,870 : 
• • 

• • 
1,660 : 
1.,050 : 

555 : 
1,590 : 
4,680 : 

• • 788 : 3,900 : 9,770 : 
167 : 840 : 2,130 : 

• • • • • • 5,575 : 27,865 : 69,520 : 
• • • • • • 192 : 961 )~ 2,39f : 
• • • • • • .26 : 1.33 : 3.31 : 
• • • • • • 

2,840 
5,300 

5;870 
2,180 
3,500 
1,700 
9,420 

990 
2,550 

520 
380 
285 

1,~10 
1,135 
1,890 

850 
3,070 

7,280 
4,490 
1,420 
5,960 
4,260 

2;320 
1,470 

775 
2,230 
6,550 

13,670 
2,970 

12 

. . 
• 

:. 
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Table llo. 3. 

CrlA.i1AC~ER OF ·EA.:so· AL DI~CHAR E .AT SUTlfEHLAHD I ll HEIJJ1'~I 01J TO J.O~AN 

~NASOllAL DISCHARGE. 

===============~================acaac~acaaaaa••==••~•=•••~•=••••••••• 
: : : Maximum :~ Of Seaeonol Runoff above 
: :Mean :Sea. ft.: % : : : Ml 

s eason :Runoff :Seo.ft.: :of mean:Me~ :lOOQ% U:60v;o LI. 

1912-13 

1913-14 

1914-15 
. 

1915-16 

i~ef!ns 

• • • • 
: 4,370 : 
• • • • 
:10,450 : 
• • • • 
:51,130 : 
• • • • 

• • 
6.04 : 

• • 
J4.43 : 

43.0 
• • 
• • 

• • • • 
95 : 1,6'10 : .!2. 

680 

500 

• • • • : !. 700 : 
• • • • 

62 -
: !,165 : ~ 

• • • • • • 
:95,040 :131.3 : 10,800 : 8,250 : 70 -• • • • 
:13,314 : 
• • • • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 

18.4 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

300 
• • : 1,630 
• • 
• • 
• • 
• • 
• • 
: ~ .463 
• • .. • 

• • 
: 40 
• • 
• • 
• • 
• • 
• • 

-

: 56 
• • 
• • 

-

• • : .4 
• • -
: 13.'1 
• • : .a 
• • -
: 42. 
• • 
• • 
• • 
• • 
• • 
• • 
• • : 11.8 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • . . . . . . : 

• • • • • • 

7. -
36. 

12.5 

52·. 
• 

7.5 

23. 

. . 
. 
' 

•• -
.. 

--- ---------- - ----- ------·--- ------==--========;~=====~~============~= ----------------------------------- --

Resul t s plot ted on Pl ete 4. 

# . ~ 
• 

14 

Table Ho. 4. 

COMPUTA1'ION Ol? BLACK CAUYON WA 'TE Olf .ACCOlTUT OF Li l.'ITED CAPACITY OF 
DIVERSIOU COUDUIT (From :Pl a te 4) 

Conduit Capacity = 82 sec. ft. ~ 59,400 a cre feet p er year. 

: · : .Feroent oon- : : : RWloff 
: :dttit oapaoity:Peroent seae-: :available 
: Jronoff of :to Mean Dis- :on• a runoff : :for diver-
:Araa A & B: charge for :wasted from : waate : a ion 

Season :Aore Feet : Sanson : ourve :Ao. Ft.:Aore Feet 
--~~----.~-----~~----------~--~;~~----~~--~~--~~~---• • • • • • • • • • 
1888-89 
1889-90 

1890-91 
1891-92 
1892-93 
1893-94 
1894-95 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

1895-96 : 
1896-97 : 
1897-98 : 
1898-99 : 
1899-1900 : 

1900-01 
1901-02 
1902-03 
1903-04 
1904-05 

1905-06 
1906-07 
1907-08 
1908-09 
1909-10 

1910-11 
1911-12 
1912-13 
1913-14 
1914-15 

1915-16 
1916-17 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • • • 
• • 
• • 
• • 
• • 
• • 
• • 

2,840 
5,300 

5 ,8'/0 
2,180 
3,500 
1,700 
9,420 

990 
2,550 

520 
380 
285 

1,510 
1,135 
1,890 

850 
3 ,070 

7,280 
4,490 
1,420 
5,960 
4,260 

2,320 
1,470 

775 
2,230 
6,550 

13,670 
2,970 

• . . 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• . .. 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • .. 
• 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

~;090 
1,120 

1,010 
2,720 
1,700 
3,490 

630 

6,000 
2,330 

11;400 
15,600 
20,800 

3 ,930 
5 ,230 
3 ,110 
7,000 
1,940 

817 
1,320 
4 ,180 

995 
1,390 

2,560 
4,040 
7,670 
2,660 

908 

435 
2,000 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• .. 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• •• 
• • 
• • 
• • 
• • 
• • 

4 
10 

12 
2 
6 
0 

19 

0 
3 
0 
0 
0 

0 
0 
1 
0 
4 

15 
8 
o · 

12 
8 

2 
0 
0 
3 

13 

46 
0 

. 
• 
• • 
• • 
• • 
• • 
• • 
• . 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • .. 
• 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • • • 

114: 
630: 

• • 
700: 
44: 

210: 
0: 

l, 790: 
• • 

0: 
77: 

0 : 
0 : 
0 : 

• • 
0 : 
0 : 

20 : 
0: 

123: 
• • 

1,100: 
360: 

0: 
720: 
340: 

• • 47: 
0: 
0: 

67: 
85Q: 

• • 
6,150: 

0: 
• • • • 

2,'126 
4,770 

5,170 
2,136 
3,290 
1,700 
7, 630 

·990 
2,473 

520 
380 
285 

·1, 510 
1,135 
1, 870 

850 
2,947 

6 ,180 
4 ,130 
1,420 
5 , 240 
3,920 

2,273 
1,470 

7'15 
2,163 
6,700 

7,520 
2,970 

Total • • 9'1,385 

3,358 

4.64 

• • • • : 13,242: 84,14S 

Mean 

Seo.Ft. 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • • • 

• • 
457: 

• • 
.63: 

• • 

2, 901 ' 

4.01 
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